Phylogeny of plastids based on cladistic analysis of gene loss inferred from complete plastid genome sequences.
Based on the recent hypothesis on the origin of eukaryotic phototrophs, red algae, green plants, and glaucophytes constitute the "primary photosynthetic eukaryotes" (whose plastids may have originated directly from a cyanobacterium-like prokaryote via primary endosymbiosis), whereas the plastids of other lineages of eukaryotic phototrophs appear to be the result of secondary or tertiary endosymbiotic events (involving a phototrophic eukaryote and a host cell). Although phylogenetic analyses using multiple plastid genes from a wide range of eukaryotic lineages have been carried out, some of the major phylogenetic relationships of plastids remain ambiguous or conflict between different phylogenetic methods used for nucleotide or amino acid substitutions. Therefore, an alternative methodology to infer the plastid phylogeny is needed. Here, we carried out a cladistic analysis of the "loss of plastid genes" after primary endosymbiosis using complete plastid genome sequences from a wide range of eukaryotic phototrophs. Since it is extremely unlikely that plastid genes are regained during plastid evolution, we used the irreversible Camin-Sokal model for our cladistic analysis of the loss of plastid genes. The cladistic analysis of the 274 plastid protein-coding genes resolved the 20 operational taxonomic units representing a wide range of eukaryotic lineages (including three secondary plastid-containing groups) into two large monophyletic groups with high bootstrap values: one corresponded to the red lineage and the other consisted of a large clade composed of the green lineage (green plants and Euglena) and the basal glaucophyte plastid. Although the sister relationship between the green lineage and the Glaucophyta was not resolved in recent phylogenetic studies using amino acid substitutions from multiple plastid genes, it is consistent with the rbcL gene phylogeny and with a recent phylogenetic study using multiple nuclear genes. In addition, our analysis robustly resolved the conflicting/ambiguous phylogenetic positions of secondary plastids in previous phylogenetic studies: the Euglena plastid was sister to the chlorophycean (Chlamydomonas) lineage, and the secondary plastids from the diatom (Odontiella) and cryptophyte (Guillardia) were monophyletic within the red lineage.